Synthesis of pure silica nanoparticles (Me_series).
Synthesis of pure silica nanoparticles using L-arginine as a base catalyst was conducted as described in the literature [1] . In a typical experiment, 91 mg (0.52 mmol) L-arginine was dissolved in 69 mL of water. After addition of 4.5 mL of cyclohexane, the biphasic mixture was heated to 60 °C under stirring. Particle formation was induced by addition of 5.5 mL (28.1 mmol) TEOS and further heating for 20 h. Then the organic cyclohexane phase was separated from the aqueous particle suspensions.
Synthesis of pure silica nanoparticles by the Stöber method (Stoe15 and Stoe60
). Undoped silica nanoparticles were synthesised by the Stöber method [2] .
To obtain small silica nanoparticles with a mean particle size of 15 nm, 0.41 mL of water, 23.57 mL of ethanol and 0.50 mL of ammonia (25%) were mixed. In a next step 0.554 mL (2.5 mmol) of TEOS was added and the reaction mixture was stirred for 2 d at room temperature. For larger silica particles with a mean diameter of 60 nm, the precursor ratio was changed to 0.41 mL of water, 22.55 mL of ethanol, 1.04 mL of ammonia and 1.05 mL (4.7 mmol) of TEOS.
Synthesis of pure silica nanoparticles using the C-dot method (CD). Pure C-dots were synthesised following the method described by Herz et al. [3] . 0.28 mL (1.3 mmol) of TEOS was added to a mixture of 21.75 mL ethanol, 0.39 mL of water, 2.5 mL of ammonia (2.0 M in ethanol). Then the reaction mixture was stirred for 12 h at room temperature to obtain the particle cores. Addition of further TEOS aliquots to the core solution and stirring of the reaction mixture for additional 8 h formed a pure S3 silica shell around the cores. To avoid secondary nucleation 0.4 mL (1.8 mmol) of TEOS was added stepwise over a maximum period of 300 min (20 µL / 15 min).
Synthesis of dyed silica nanoparticles
Synthesis of 25 nm large, dyed Star635 silica nanoparticles (FD25_Star635). To determine the influence of the dye concentration on the particle growth, Star635 embedded silica particles with two different dye concentrations were synthesised. (FD15_Atto647N and FD25_Atto647N) . All absorption spectra indicate two maxima at 600 and 647 nm, whereas the emission spectra show one maximum at 660 nm.
Figure S17: UV-vis (left axis) and fluorescence (right axis) spectra of silica nanoparticles obtained after in situ incorporation of modified Dy648-APTES conjugate (a) and Atto647N-CS-APTES conjugate (b) into the matrix material. Both dyes show similar spectroscopic properties with an absorption maximum around 647 to 648 nm and an emission maximum between 660 and 670 nm. Curves are annotated with the corresponding particle diameter. UV-vis spectra were recorded using undiluted suspensions, whereas diluted suspensions were used to measure the fluorescence intensity. The dye leaching was determined by comparing the relative fluorescence intensity before and after centrifugation of the particle suspension through two different membranes with molecular weight cut off (MWCO) of 30 kDa and 100 kDa. The measurements revealed that there was nearly no dye leaching in the particle suspensions. 
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